Periostin is a mesenchyme-specific gene product, which acts as an adhesion molecule during bone formation and supports osteoblastic cell line attachment and spreading. However, periostin expression is activated in a large variety of epithelial human tumors and correlates with their aggressiveness. Knowledge of expression of periostin in thyroid tumors is still scanty. The aim of the present work was to investigate periostin expression in differentiated neoplasms of the thyroid and to correlate it with several clinical and molecular features of these tumors. Periostin expression was evaluated by quantitative PCR and immunohistochemistry in normal thyroid tissues, papillary thyroid carcinomas (PTCs), follicular thyroid carcinomas (FTCs), and follicular adenomas (FAs). Periostin mRNA levels were also evaluated in several thyroid tumor cell lines. PTCs show mean periostin mRNA levels significantly higher than corresponding normal tissues. In five PTCs, periostin mRNA values were at least 30-fold higher than corresponding normal tissues. Conversely, mean periostin mRNA levels of FTCs and FAs were similar to those of normal tissues. Consistent with mRNA studies, periostin was detectable by immunohistochemistry in cancerous epithelial cells only in several cases of PTCs but not in normal tissue, FTCs, and FAs. In PTCs, periostin mRNA levels positively correlate with extrathyroidal invasion, distant metastasis, and higher grade staging. A negative correlation between periostin and expression of some markers of the thyroid-differentiated phenotype (thyroglobulin, thyrotropin receptor) was also present in the PTCs. These results indicate that an increase in periostin gene expression is present in several PTCs, in which it appears as a marker of aggressiveness. Experiments in thyroid tumor cell lines indicate that high levels of periostin mRNA are due, at least in part, to the increase in periostin promoter activity.
Introduction
Loss of the differentiated phenotype is a main characteristic of the neoplastic cell. In many cell types, it occurs as a result of both loss of expression of differentiation markers and acquisition of phenotypic characteristics of a distinctly different cell type (transdifferentiation; Zhang & Xie 1994) . In the thyroid follicular cell (TFC), the reduction/loss of expression of genes devoted to the synthesis of thyroid hormones occurring during transformation has been extensively described (Brabant et al. 1991 , Ros et al. 1999 , Schlumberger et al. 2007 ). Thus, sodiumiodide symporter (NIS), thyroperoxidase (TPO), thyroglobulin (Tg), and thyrotropin receptor (TSHR) gene expressions are progressively reduced or lost when the thyrocyte acquires more aggressive characteristics (Zhang & Xie 1994) . Moreover, even expression of thyroid-specific transcription factors, such as TTF-1, HEX, and PAX8, is also down-regulated during transformation of the TFC (Fabbro et al. 1994 . Transdifferentiation may occur in thyroid cancer. Recently, evidence of epithelial-to-mesenchymal transition (EMT) has been reported in papillary thyroid carcinoma (PTC) and has been related to their aggressive behavior (Vasko et al. 2007) . Accordingly, various signaling pathways involved in EMT including integrin, MET, and transforming growth factor-b have been shown to be altered in thyroid tumor cells (Huber et al. 2005) , as well as expression of some genes such as fibronectin and vimentin considered as a hallmark of EMT (Vasko et al. 2007) .
Among the mesenchymal-specific proteins aberrantly expressed in various tumors of epithelial origin, an increasing interest is emerging regarding periostin. It is a mesenchymespecific gene product, originally identified as a gene expressed in mouse osteoblasts (Takeshita et al. 1993) , which acts as an adhesion molecule during bone formation and supports osteoblastic cell line attachment and spreading (Horiuchi et al. 1999) . Accordingly, it has been shown that periostin is a ligand for vb3 and vb5 integrins inducing integrin-dependent cell adhesion and motility (Gillan et al. 2002) . Studies on periostin expression in human cancers have demonstrated that its expression is increased in a large variety of tumors including breast, colon, bladder, and non-small cell lung cancer (Kudo et al. 2007) . In most situations, high periostin expression correlated with tumor aggressiveness (Sasaki et al. 2001 , Kudo et al. 2007 . Moreover, it has been shown that periostin promotes metastatic growth by augmenting cell survival through the Akt/protein kinase B pathway . Thus, expression of periostin in neoplasms of epithelial origin could be considered as a phenomenon of transdifferentiation that contributes to the tumor progression.
Knowledge of periostin expression in thyroid tumors is still scanty. The only available data are those reported by Fluge et al. (2006) . These authors, using cDNA microarrays and real-time PCR to compare a small number of differentiated and aggressive PTCs, showed that periostin is highly expressed in some aggressive PTCs.
The aim of the present work was to investigate periostin expression in differentiated neoplasms of the thyroid and to correlate it with several clinical and molecular features of these tumors.
Materials and Methods

Patients and tissues
Surgical specimens of 7 non-consecutive sporadic thyroid follicular adenomas (FAs), 12 follicular thyroid carcinomas (FTCs), and 52 PTCs were analyzed. Normal tissues originating from the non-neoplastic tissue of all FAs and FTCs and 40 out of 52 PTCs were also analyzed. The tissues were snap frozen and stored at K80 8C until use. Patients' charts were reviewed to define the clinical features of each case. All tumors were histologically diagnosed and, when possible, staged according to the criteria of the American Joint Committee on Cancer (Greene et al. 2002) . The study was approved by the local medical ethics committee. Before surgery, each study participant provided written informed consent to the collection of fresh thyroid tissue for genetic studies.
Cell lines and transfections
The ARO and FRO cells; BCPAP, TPC-1 and NPA cells; and WRO cells derived from human anaplastic thyroid carcinomas; PTC; and follicular thyroid cancer respectively, were grown as previously described (Russo et al. 2001) .
Transfections were performed by Lipofectamine (Invitrogen) according to the manufacturer's instructions. The periostin promoter construct, Periostin563-Luc, was kindly donated by Prof Kudo (Oshima et al. 2002) . The transfection efficiency was normalized by cotransfecting the Rous sarcoma virus-cloramphenicolacetyltransferase (RSV-CAT) plasmids, which contains the RSV promoter, linked to the CAT gene. The cells were harvested 48 h after transfection and the cell extracts were prepared by a standard freeze and thaw procedure. CAT protein levels were measured by ELISA method (AmershamPharmacia Biotech). Luciferase activity was measured by a standard chemiluminescence procedure.
Gene expression, immunohistochemistry, and detection of B-RAF mutations
Quantitative PCR analysis of periostin mRNA expression was performed as previously described (Puppin et al. 2005) . Briefly, total RNA from cell lines was extracted with RNeasy protect mini kit (Qiagen). One microgram of total RNA was reverse transcribed to single-strand cDNA using random exaprimers and 200 U MMLV reverse transcriptase (Invitrogen) in a final volume of 20 ml at 42 8C for 50 min followed by heating at 70 8C for 15 min. Real-time PCRs were performed using the ABI Prism 7300 Sequence Detection System (Applied Biosystems, Foster City, CA, USA). Oligonucleotide primers and probes for periostin were purchased from Applied Biosystems as Assays-on-Demand Gene Expression Products. Oligonucleotide primers and probes for the endogenous control b-glucuronidase are described by Beillard et al. (2003) . A 25 ml reaction mixture containing 5 ml cDNA template, 12 . 5 ml TaqMan Universal PCR master mix (Applied Biosystems), and 1 . 25 ml primer probe mixture was amplified using the following thermal cycler parameters: incubation at 50 8C for 2 min and denaturation at 95 8C for 10 min, then 40 cycles of the amplification step (denaturation at 95 8C for 15 s and annealing/extension at 60 8C for 1 min). The DCT method, by means of the SDS software (Applied Biosystems), was used to calculate the mRNA levels. The PTC cell line, BCPAP, was used as the calibrator. Thus, periostin mRNA levels are always expressed as multiple or fraction of the BCPAP expression levels, considered arbitrarily as 1.
Expression of NIS, apical iodide transporter (AIT-B), TPO, Tg, and TSHR genes was evaluated by quantitative PCR as previously described (Durante et al. 2007) .
B-RAF mutations were identified by single-stranded conformation polymorphism screening of products obtained by RT-PCR amplification of exon 15, and results were confirmed by means of sequence analysis (Puxeddu et al. 2004) .
Dewaxed tissue sections of a different series of thyroid tumors, including 10 FAs, 10 FTCs, and 10 PTCs, were analyzed by immunohistochemistry to search for expression of the periostin protein. Immunohistochemistry was performed using a rabbit polyclonal antibody (Biovendor Laboratory, Heidelberg, Germany) with a final dilution to 1:1500 and a polymer-based immunohistochemical detection system (Super Sensitive Polymer-HPR IHC Detection System BioGenex, San Ramon, CA, USA). Specificity of the immunohistochemical signal was controlled by omitting the primary antibody.
Statistical analysis
Correlations between periostin expression levels above or below the mean value of 41 . 44, and clinicopathological parameters were analyzed in all PTC patients unless otherwise indicated. We used the t-test to compare continuous variables and the c 2 -test to determine P values in 2!2 contingency tables. Moreover, the correlation between the two groups with periostin expression levels above or below the mean value of 41 . 44 and quantitative PCR results for NIS, AIT-B, TPO, Tg, and TSH-R gene expressions, obtained for 43 PTC patients of the studied cohort, were also analyzed by means of t-test. P values of !0 . 05 were considered significant.
Results
Periostin mRNA levels in thyroid tumors
Periostin mRNA levels were evaluated by quantitative RT-PCR in 59 normal thyroid tissue, tumoral tissue of 52 subjects with PTC, 12 subjects with FTC, and 7 subjects with FA. Normal tissue specimens originate from the nonneoplastic thyroid tissue of 40 out of 52 subjects with PTC, all 12 subjects with FTC, and all 7 subjects with FA. Results are shown in Fig. 1(A) . Papillary carcinomas show mean periostin mRNA values significantly higher than corresponding normal tissues (41 . 44G57 . 85 vs 3 . 73G3 . 32, P!0 . 0001). Among PTC subjects in which both tumoral and normal tissues were analyzed, 31 out of 40 show periostin mRNA levels higher than the normal counterparts. In five PTCs, periostin mRNA values were at least 30-fold higher than the corresponding normal tissues. In 7 out of 12 FTCs, periostin mRNA levels were higher than the corresponding normal tissues. However, mean periostin mRNA values were not significantly different between FTCs and all normal tissues (3 . 37G2 . 79 vs 3 . 73G3 . 32, PZ0 . 68). These data indicate that periostin gene expression is heterogeneous in differentiated thyroid carcinomas and only a subset of PTC expresses high periostin mRNA levels. In all seven cases of FAs, periostin mRNA levels in the tumor were higher than the corresponding normal tissue. However, as observed in FTCs, mean periostin mRNA values were not significantly different from that observed in the normal tissues (5 . 88G4 . 36 vs 3 . 73G3 . 32, PZ0 . 15). Figure 1(B) shows the relationship between periostin levels detected in the paired normal and PTC tissues: it is clear that the increase in periostin mRNA levels observed in tumor tissues is not dependent on the periostin mRNA levels present in normal tissues.
Periostin protein levels in thyroid tumors
In order to test whether periostin was produced by epithelial tumor cells, a different cohort of PTCs (10 samples), FTCs (10 samples), FAs (10 samples), and normal thyroid tissues (10 samples) were subjected to immunohistochemical analysis with a periostin-specific antibody. No staining was observed in normal thyroid tissue and FA ( Fig. 2A and B) , while a diffuse cytoplasmic staining was observed in epithelial cells of four out of ten PTCs (Fig. 2C) . Epithelial cells of FTCs were negative for periostin expression, although a weak cytoplasmic staining was rarely observed (Fig. 2D) . Thus, only in a subset of PTCs, epithelial cells produce enough periostin to be revealed by immunohistochemistry. In order to correlate the expression of the periostin protein with the periostin mRNA levels, some PTCs were subjected both to immunohistochemistry and quantitative RT PCR. Figure 2E shows that all PTCs that were positive to immunohistochemistry, display periostin mRNA levels higher than those negative to immunohistochemistry.
Correlation with clinical and molecular characteristics and B-RAF mutation
To verify the existence of a relationship between the expression levels of periostin mRNA and the aggressiveness of the tumors, the 52 PTC samples were divided into two groups with mRNA levels higher and lower than the mean value respectively and compared for a series of clinicopathological parameters. As shown in Table 1 , a significant difference between the two groups was observed concerning the presence of extrathyroidal invasion, distant metastasis, and higher grade staging. Indeed, periostin mRNA higher levels matched with all these signs of a more aggressive phenotype of the tumors. This notion is confirmed when periostin is computed as a continuous (numerical) variable. In fact, Fig. 3 No relationship was detectable with the presence of B-RAF mutation (Table 1) . Moreover, analysis of the clinicopathological characteristics of the 52 PTCs divided into two groups according to the presence of B-RAF mutation showed no association between B-RAF mutation status and clinical parameters indicative of a worse prognosis (data not shown).
In 43 out of 52 samples, a comparative analysis of the two groups regarding the expression levels of some thyroid-specific genes showed a significant relationship (P!0 . 05) between the presence of high levels of periostin and low expression levels of Tg and TSH receptor genes (Table 2 ). 
Periostin expression in thyroid cancer cell lines
In order to find models to investigate the mechanisms underlying the increased periostin mRNA expression, we analyzed six different human thyroid cancer cell lines: BCPAP, TPC-1, and NPA (derived from PTC); WRO (derived from FTC); and ARO and FRO (derived from anaplastic thyroid carcinoma; Russo et al. 2001) . Results are shown in Fig. 4A . Cell lines can be classified into two different groups: cells expressing periostin mRNA at high levels (BCPAP, WRO, and FRO) and cells expressing periostin at very low levels (NPA, TPC-1, and ARO). These data confirm the heterogeneity of periostin expression observed in human tumors. We then used BCPAP (high periostin expression) and TPC-1 (very low periostin expression) cell lines to ask whether the activity of the periostin promoter may correlate with the mRNA levels. To this purpose, a construct containing 563 bp of periostin promoter (Oshima et al. 2002) was transfected and its activity measured in these cell lines. As shown in Fig. 4B , the periostin promoter activity is four to five times higher in BCPAP than in TPC-1. These results suggest that high levels of periostin mRNA observed in several PTCs could be due, at least in part, to increase in the periostin promoter activity.
Discussion
In normal tissues, periostin gene is expressed only in mesenchymal-originating cells (Kudo et al. 2007) . However, several studies have demonstrated that the periostin gene can be expressed in tumors of epithelial origin. Such an abnormal expression may be related to the EMT occurring during malignant transformation of epithelial cells, as reported also for PTC (Vasko et al. 2007) . A defining feature of the EMT is the gain of fibronectin and vimentin expression associated with the loss of E-cadherin expression (Hendrix et al. 1996 , Shook & Keller 2003 . Epithelial-to-mesenchymal transdifferentiated epithelial cells lose cell-cell contact, modify the cytoskeleton, and manifest a migratory phenotype (Thiery & Sleeman 2006) . Thus, EMT may play a relevant role in the conversion of early stage to invasive malignancy (Lee et al. 2006 , Horikawa et al. 2007 . Periostin could play a causal role in EMT. In fact, stable induction of a periostin transgene in 293T cells causes EMT (Rios et al. 2005) . Accordingly, both in human tumors and in experimental systems, periostin expression seems to be related to the aggressiveness of the neoplasm (Sasaki et al. 2001 , Kudo et al. 2007 . Among thyroid carcinomas, periostin expression has been previously investigated only in a small study including ten well-differentiated PTCs and seven clinically aggressive PTCs (Fluge et al. 2006) . Using quantitative RT-PCR, it has been shown that periostin expression had a median 30-fold overexpression in the aggressive PTCs and a median 4-fold overexpression in the differentiated PTC group. Thus, periostin gene overexpression was statistically correlated with the aggressiveness of the tumor. Global gene expression studies performed by SAGE or microarrays have not detected increase in periostin expression in thyroid carcinomas (Huang et al. 2001 , Aldred et al. 2004 , Jarzab et al. 2005 , Cerutti et al. 2007 , Delys et al. 2007 , Fujarewicz et al. 2007 , Rodrigues et al. 2007 ). These apparently negative results could be explained by technical reasons and by the particular study design (i.e., small number of patient investigated, no paired comparison between normal and tumoral tissues, analysis of low stages only). In order to look at raw data, we interrogated the Gene Expression Omnibus (GEO) database at the NCBI (http://www.ncbi.nlm.nih.gov/geo/). In about half of subjects whose both normal and tumor tissues have been investigated, a clear increase in periostin gene expression in the tumor is evident. However, neither the clinical characteristics of the tumors nor a confirmation of the data using other methodologies (i.e. RT-PCR or in situ hybridization) are reported.
The goal of our research was to investigate periostin expression in a large cohort of PTCs as well as in other differentiated thyroid neoplasms: FTC and benign FA. Moreover, in most cases, the tumor was matched to the normal tissue from the same patient. In agreement to Fluge et al. (2006) , we found that in some PTCs periostin expression was much higher than the corresponding normal tissue. In addition, a correlation was found with various clinical/pathological features of PTCs, including the presence of extrathyroidal invasion, distant metastasis, and higher grade staging. This picture is consistent with the existence of a link between periostin expression, EMT, and an aggressive behavior of the tumor. Instead, as reported for other markers of EMT (Vasko et al. 2007) , our data show that increased expression of periostin occurs regardless of the presence of a B-RAF mutation, recently demonstrated as a marker of loss of differentiation (Durante et al. 2007 ). Thus, our data suggest that a high periostin expression level is a stronger indicator than B-RAF of a worse prognosis either in B-RAF mutation positive or negative PTCs. Moreover, we also found a significant relationship between higher levels of periostin mRNA and lower levels of Tg and TSHR gene expression. The presence of these two proteins is a fundamental requisite for an optimal follow-up of the patients with PTC after thyroidectomy. These additional findings further support a correlation between periostin expression and molecular alterations underlying a more aggressive behavior of the tumors.
Severe growth retardation has been reported during postnatal life in periostin-deficient mice embryos (Rios et al. 2005) , suggesting a role for periostin in the control of cell proliferation rather than differentiation. However, our present data on FAs seem to exclude the occurrence of abnormal expression of periostin as an early event of thyroid tumorigenesis. Instead, it appears to be related to the PTC phenotype, the thyroid cancer histotype in which the EMT has been described with higher frequency and associated with tumor aggressiveness (Vasko et al. 2007) , as also confirmed by our data on FTCs.
As for other markers of EMT, therefore, periostin may represent a target for the future development of novel potential treatment of aggressive PTCs presenting such alteration. For this purpose, a central question is to clarify the molecular mechanisms responsible for the increase in periostin gene expression that was observed in some papillary thyroid tumors. Mechanisms responsible for periostin gene transcription have been recently investigated by analyzing the promoter region of the human periostin gene (Oshima et al. 2002 , Lindsley et al. 2007 . Our data indicate that the activity of the proximal periostin promoter is higher in the BCPAP cell line with respect to the TPC-1 cell lines, suggesting that among PTCs differences of periostin expression may be due, at least in part, to transcriptional mechanisms. The periostin promoter construct that we have used contains a sequence recognized by the transcription factor Twist (Oshima et al. 2002) . This transcription factor plays a role in tumorigenesis (Puisieux et al. 2006) and its overexpression appears to play a relevant role in EMT (Huber et al. 2005) . Thus, Twist overexpression may have a critical role in thyroid tumor progression. Further knowledge of the molecular mechanisms underlying aberrant expression of periostin gene in thyroid tumors may provide new hints for better characterization of the more aggressive PTCs, still refractory to present treatments.
